Pain assessment is the cornerstone of pain management. This article discusses the quality improvement project of the neonatal intensive care unit (NICU) interdisciplinary Evidence-Based Practice Committee of a level III NICU in Northeast Florida whose goal was to determine best practice for pain assessment. The problem addressed in this project was to determine if the current pain assessment tool used in the NICU was the most appropriate choice for the patient population. Six Sigma methodologies were used as the framework to guide the project. The project included a comparison study regarding the clinical utility of two infant pain assessment tools: the Premature Infant Pain Profile and the Neonatal, Pain, Agitation, and Sedation Scale. The results showed no statistically significant difference. The recommendation of the Neonatal, Pain, Agitation, and Sedation Scale as best practice infant pain assessment tool was based on its comprehensiveness in infant assessment and not on clinical utility.
According to The National Institute of Nursing Research, "the interplay of biology and behavior is apparent in health promotion and the development of interventions based on well-defined mechanisms is critical to advancing health promotion and disease prevention." 1 Research that discovers new ways to both detect and manage pain in premature infants and improves patient outcomes is supported.
How critical is the need to improve the outcomes of the preterm infant? In the 2010 report of the March of Dimes, 540 000 premature infants are born in the United States (US) every year, or one in eight babies. 2 According to the Institute of Medicine, preterm birth costs the US more than 26 million dollars annually, is the leading cause of newborn death, and survivors risk lifetime health challenges. 3 The Healthy People 2020 goal is to decrease the preterm birth rate to 11.4%; and for the first time in three decades, our nation has achieved a decline in the preterm birth rate to 12.3% but received a letter grade of "D" for its overall rate. 4 Infant pain management is therefore a priority. Effective, consistent pain assessment will improve pain management and patient outcomes for the preterm infant and decrease the proposed long-term consequences of decreased pain sensitivity, 5 stress disorders, 6, 7 attention deficit disorder, [8] [9] [10] impaired social/cognitive skills, 8, 9, 11, 12 and self-destructive behaviors, 7, 13, 14 and their associated costs. Proper management of infant pain should be the goal of all caregivers. Pain assessment is the cornerstone of pain management. This article discusses a quality improvement project of the neonatal intensive care unit (NICU) interdisciplinary Evidence-Based Practice (EBP) Committee of a level III NICU in Northeast Florida whose goal was to determine best practice for infant pain assessment. The problems addressed in this project were to determine if the current pain assessment tool used in this NICU was the most appropriate choice for the population and to determine if the current process of pain assessment was best practice. Six Sigma methodologies were used as the framework to guide the project.
Theoretical Foundation
Heidelise Als developed the synactive theory of development in 1982 15 as a model for understanding individual differences in the organization of neurobehavioral capabilities in the development of the fetus, infant, and young child. Infants are seen as being in continual interaction with their environment via five subsystems: autonomic/physiologic, motor, state/organizational, attentional/interactive, and self-regulatory. All subsystems are interdependent and interrelated; therefore, repetitive painful events affect all subsystems. The goal of the synactive theory is a modification of the infant's environment that results in reduction of stress behaviors and an increase in self-regulating behaviors. 16 Assessment of the physiological and behavioral cues associated with these subsystems can guide our caregiving 17 and facilitate positive neural development. 16 
Clinical Question
Is the Neonatal Infant Pain Score (NIPS) the most appropriate and evidence-based infant pain assessment tool when compared with other tools recommended by The National Association of Neonatal Nurses?
Review of the Literature
The Concept of Pain Pain is viewed as a complex multidimensional phenomenon. 17 Fillingim proposes the biopsychosocial model of pain. 18 This model presents three major dimensions of pain: biomedical, psychological, and sociocultural. Each dimension has its contributing factors to the experience of pain. The biomedical dimension includes the pathology, the injury, and the nociceptive factors. The psychological dimension includes the anxiety, depression, cognitive, and behavioral factors. The sociocultural dimension includes the factors of age, race, sex, income, education, and social milieu. To make this model more complete, the addition of the affective component of the memory of pain is needed in the psychological dimension of this model.
Prevalence of Pain in Neonates
Newborn infants, particularly those born preterm, are subjected to diagnostic and therapeutic procedures that are painful but necessary to their care. Several studies confirm the number of procedures experienced by newborns. Barker and Rutter (1995) found that 488 painful and intrusive procedures were performed on one hospitalized 23-week-gestation, 560-gram infant. 19 In another study, 144 neonates underwent more than 7000 procedures from admission through discharge. 20 Johnston and colleagues surveyed 14 Canadian NICUs and reported a mean of two painful procedures on each infant each day with a maximum number of eight procedures per day. 21 Ballantyne 
History of Infant Pain Research
A systematic review by Warnock and Lander 24 found that behavioral indicators for pain were most studied, followed by physiological indicators, and lastly biochemical indicators. Earlier studies of infant pain were noted to primarily use a unidimensional approach. This approach was limited to the use of only one to two indicators of pain. Later studies used the multidimensional approach, using more than one indicator of pain. They concluded that the basic knowledge of infant pain is underdeveloped in that both basic and comprehensive descriptions of newborn pain behavior have not been generated. Therefore, without a thorough description of infant pain, the current measurement tools may be weak.
Pain assessment is a prerequisite to pain management. 25 However, no criterion standard exists. 24 Therefore, careful observation of pain indicators using reliable and valid measures is essential. 25 
Methods
Six Sigma methodologies were used as the framework to guide this project. Six Sigma uses the following steps in quality If no existing prn order or intervention is ineffective, inform extender/ neonatologist of score.
• If no order received, notify different extender/ neonatologist.
• Continue non pharmacologic interventions
• Continue to document pain score.
• Write pie note -include no orders received, extender/neonatologist notified. • Includes score based on nurses' judgement of level of pain.
• Individual results can be captured.
• Good clinical utility.
• Decreased reliability of high scores.
• Study population did not include extremely low birthweight infants.
• Behavioral state and environmental state can be factors to measure at the time of measurement.
• Cannot be sure that tools are actually measuring pain.
• Inconsistencies usually occur in the management of neonatal pain.
Bernese Pain Scale for Neonates
• Nine parameters.
• Validity and reliability established.
• Physiologic and behavioral indicators used.
• Convincing evidence to use in more premature infants.
• Developed for infants on mechanical ventilation undergoing procedures.
• Deals with acute pain, not chronic pain.
• Scoring may be influenced by tubes or restraints used during ventilation.
• Not specific for gestation.
• Training for nurses in recognizing pain.
• Use tool in assessing seriously ill neonate.
• Knowledge and assessment of pain cues.
NIPS
• Provides management with respect to developmental needs.
• Provides autonomy to nurse to identify pain.
• Specific protocol for reassessment post pharmacologic administration.
• Initiate assessment upon admission.
• Pain only scored once a shift.
• Does not measure all parameters required for accurate assessment.
• Reassessment time is a minimum of every 4 h, which is too long.
• Procedure calls for RN to ask parents history of infant pain relief.
• Write a policy specific to needs of neonate based on current research and data.
• Opportunity to reevaluate the NIPS scale assessment tool.
• NICU Steering Committee will not approve use of this tool.
• Time factor involved in new policy development and approval.
• Reimbursement issues with possible increased medication use.
• Does not instruct how to interpret score. CRIES: Neonatal Postoperative Pain Assessment Score
• Well-accepted tool by neonatal nurses.
• Takes into consideration physiological and behavioral indicators.
• Assesses postoperative pain, not sedation state.
• Scoring not adjusted for gestational age.
• Scale is subjective.
• Few studies have examined its validity.
• Only for use in 32-36-wk gestational age infants.
• None.
• Does not instruct how to interpret score.
46 VOLUME 12, NUMBER 1, www.nainr.com
• For use with preterm and term infants.
• Multidimensional approach.
• Incorporates gestational age.
• Ease of use.
• Documented construct validity, internal consistency, reliability, and validity.
• Scores not absolute.
• No scoring for post sedation.
• Requires multiples scores per shift.
• Procedure-driven assessment • Infant compromised by illness, medications, or ventilation more difficult to assess.
• All infants experience pain on some level during their NICU stay.
• Allows subjective and objective assessment.
• Documentation provides a specific profile.
• To incorporate pain tool into upcoming electronic medical record.
• Time required for training of staff to ensure reliability in assessment.
• Increase costs related to training and revised paper flow sheets.
N-PASS
• Scores both pain and sedation.
• For use in preterm and term infants.
• Includes both physiologic and behavioral indicators.
• Incorporates gestational age. Ease of use.
• Established interrater reliability and internal consistency
• Lower pain scores not consistent.
• Multiple scores needed in a shift.
• All infants experience pain during the admission process.
• Allows for better objective pain management.
• Efficient use of caregiving skills.
• Improved documentation of pain and sedation.
• All aspects of staff training.
• Other valid pain scales available.
• Still needs more studies to validate reliability and validity.
improvement:
Step (1) Define, Step (2) Measure, Step (3) Analyze, Step (4) Improve, and Step (5) Control. The hospital department of Operational Performance Improvement provided the NICU EBP committee oversight throughout the project. The goal of the Define step was to identify a project based on an objective and a customer's needs and requirements. This step began with the development of an overall theme aim statement for the project. Members of the committee then completed a staff survey on pain assessment. All those surveyed stated that infants experience pain and this was observed during routine procedures and caregiving through the physiological cues of heart rate), blood pressure, and oxygen saturation and through different types of behavioral indicators. All were familiar with the infant pain assessment tool used in the unit at that time, but what was most notable was the inconsistency in interpretation of pain scores. Pain assessments were most commonly performed once per shift; and additional triggers for performing additional pain assessments included infant acuity, infant behavior, observation of the infant, and administration of pain medications. Lastly, a PowerPoint presentation was shown to the committee that discussed the history of pain in general, the physiology of pain, the incidence of pain in the infant, and the development of the pain pathways in the infant.
Step two was the Measure step. The goal of this step was to map the current process. For this step, the committee developed a workflow analysis of the current process of pain assessment (Fig 1) . In addition, a strengths, weaknesses, opportunities, and threats (SWOT) analysis was performed on the current pain assessment process (Table 1 ). The strengths included the following: (1) nursing assessment skills, (2) the committee realizing the importance of pain assessment, (3) nurses are patient advocates, (4) some neonatologists are proponents of pain management, and (5) the presence of a dedicated NICU pharmacist. The weaknesses of the current process were (1) the current pain assessment tool, (2) lack of a pain management protocol, (3) some physicians not being engaged in pain management, (4) a general lack of knowledge concerning infant's physical cues of pain, (5) fear of addiction to pain medications, and (6) suboptimal frequency of pain assessment. Opportunities of the current process included (1) the opportunity to research best practice for pain assessment, (2) learning The Joint Commission initiative for pain assessment/management, (3) empowering the NICU interdisciplinary team, (4) engagement in the process of performance improvement, (5) improved parent satisfaction scores, (6) teaching parents developmental care, and (7) increasing reporting of abnormal pain scores. The threats to the current process included the lack of buy-in of all NICU staff and parents, the perception of addiction, and nurses not taking the time to correctly assess pain.
The goal of step 3, the Analyze step, was a comparative analysis of best practice infant pain assessment tools. To this end, the committee reviewed the Pain Assessment and Management, Guidelines for Practice, Second Edition, published by the National Association of Neonatal Nurses in 2008. 26 This review led to the compilation of a list of governing agencies and infant pain assessment tools to research and evaluate ( Table 2) .
The committee was divided into small groups. If the group was assigned a governing agency, the goal was to research the literature or contact the agency directly to determine their guidelines for pain assessment. If the group was assigned an infant pain assessment tool, then it was to research the literature for information regarding the specific tool and perform a SWOT analysis of the tool. Each group presented its findings; and a matrix was developed, as shown in Table 2 . Through the SWOT analysis of the current pain assessment tool, the NIPS 27 was found to have four major weaknesses: (1) the pain score is not adjusted for the gestational age of the infant, (2) it does not address sedation, (3) its primary use is for procedural pain only, and (4) the interpretation of the score is subjective.
From the review of the matrix of SWOT analyses, the committee chose to further review the Premature Infant Pain Profile (PIPP) 28 and the Neonatal, Pain, Agitation, and Sedation Scale (N-PASS). 29, 30 The PIPP and the N-PASS tools both differ from the NIPS. The NIPS tool uses the indicators of facial expression, cry, breathing patterns, arms, legs, and state of arousal but does not allow for difference in gestational age. The PIPP tool uses the indicators of gestational age, behavioral state, heart rate, oxygen saturation, brow bulge, eye squeeze, and nasolabial furrow. Additional points are given according to gestational age. A total score of less than or equal to 6 reflects minimal to no pain, scores from 7 to 12 reflect mild to moderate pain, and scores greater than 12 reflect moderate to severe pain. The N-PASS tool uses the indicators of crying/irritability, behavioral state, facial expression, muscle tone of extremities, and vital signs (heart rate, respiratory rate, blood pressure, and oxygen saturation). One extra point is added to a pain score if the corrected age of the infant is less than 30 weeks' gestation. Treatment or intervention is recommended for a pain score greater than 3. Using this tool, one can also calculate a sedation score. A score of −2 to −5 reflects light sedation, and a score of −5 to −10 reflects deep sedation. A decision was made to assess the clinical utility of each tool.
The activities for the Improve step included developing a study to compare the clinical utility of the PIPP with the N-PASS infant pain assessment tools. Study participants were volunteers from the NICU nursing staff, excluding members of 48 VOLUME 12, NUMBER 1, www.nainr.com the NICU EBP Committee. Each participant viewed two case studies and assigned a pain score using both tools. On completion of the two case studies, each participant was asked to complete a questionnaire. The questionnaire asked the participant to score five statements using a rating scale of 1=strongly agree, 2=somewhat agree, 3=undecided, 4=some-what disagree, and 5=strongly disagree. The statements are provided in Table 3 .
Lastly, each participant was asked the following question, "Now that you have sampled using both the PIPP and the N-PASS, which tool would you like to use in our NICU and why?" Participants were instructed to write their answers on a sheet of paper.
Data analysis included calculating the mean rating of each statement of the questionnaire for both pain assessment tools. A paired t test was computed from the PIPP and N-PASS data for each statement of the questionnaire. The accepted level of significance was set at .05.
Overall, the results of comparing the clinical utility of the PIPP and N-PASS were not statistically significant. The mean scores of each statement of the questionnaire for the PIPP and N-PASS were similar. All the means were between 1 and 2, as shown in Table 4 , indicating that the average impression of each instrument is quite positive.
The NICU EBPC recommended use of the N-PASS infant pain assessment tool because it provides a more comprehensive assessment of the infant as well as both a pain and a sedation score and is therefore a more appropriate choice for the critically ill neonate. The recommendation was taken before the NICU steering committee and approved.
Step 5 included the establishment of a new policy and procedure for infant pain assessment in the NICU. Pain assessment is now considered the fifth vital sign. An online learning module was created for the training of all NICU staff in use of the N-PASS and was provided to staff following approval of the pediatric education department. In addition, the paper NICU flow sheet was revised to accommodate the new tool; and a computer-based online equivalent to the N-PASS was developed for the electronic medical record.
Discussion and Conclusions
Nursing practice has changed in that pain scores are completed with every set of vital signs. They are interpreted correctly, evaluated, and reported more consistently. The sedation score has empowered staff to objectively evaluate an under response to stimulation and use critical thinking skills in how to interpret and act on the score when placed within the context of the infant's situation.
A limitation of this study was that each tool was only compared via case studies and not on an actual infant at the bedside. This would have required a more lengthy process because of the requirement of informed consent and more indepth training of the staff in the use of each tool. Another possible limitation of the study was that each study participant only assigned scores on two case studies for each tool. The study was limited to 1 hour, and this was the maximum number of case studies that could be completed in that time limit. The time limit was placed on each study session because the study was performed during working hours for most of the participants.
A suggestion for further research includes repeating the staff survey after implementation of the new pain assessment tool and comparing the difference in knowledge gained through the use of the new tool. Another suggestion is to study both nursing satisfaction and parent satisfaction in the area of infant pain assessment and management after implementation of the new pain assessment tool. A third suggestion on assessing the new pain assessment tool is to compare the costs of the number of analgesics used before and after the implementation of the new tool to determine if there is a significant increase in the number of analgesics being used in the unit. 
